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Inspired by the recent hints of lepton flavor universality violation in b → s`` and b → c`ν
transitions, we study lepton flavor violating exclusive Λb → Λ`+1 `−2 (`1 6= `2) decay which is forbidden
in the Standard Model. Starting from a general effective Hamiltonian for a b→ s`+1 `−2 transition that
includes vector and axial-vector operators, and scalar and pseudo-scalar operators, we derive two-
fold decay distribution of Λb → Λ`+1 `−2 . The distribution helps us construct differential branching
ratio and lepton side forward-backward asymmetry which are studied in a vector leptoquark model.
The parameter space of the vector leptoquark model is constrained by low energy observables.
I. INTRODUCTION
Though an O(1) signal of new physics (NP) is still at
large, the recent results by the Belle and LHCb Collab-
orations in the neutral and charged current transitions
of b-flavored mesons are intriguing hints of lepton flvour
universality (LFU) violation which is absent in the Stan-
dard Model (SM). In the flavor changing neutral current
transition b→ s`` the observables that probe LFU are
RK(∗) =
B(B → K(∗)µ+µ−)
B(B → K(∗)e+e−) . (1)
The LHCb Collaboration has measured RK and the most
recent result is [1]
RK = 0.846
+0.060+0.016
−0.054−0.014 , 1 ≤ q2 ≤ 6.0GeV2 , (2)
where q2 is the invariant mass squared of the final state
dilepton pair. This result is lower than the SM prediction
RSMK = 1.00± 0.01 [2] by about 2.5σ. On the other hand,
the most recent measurements of RK(∗) by the LHCb [3]
in the two dilepton invariant mass squared bins
RK∗ =
{
0.660.11−0.17 ± 0.03, 0.045 ≤ q2 ≤ 1.1GeV2 ,
0.690.11−0.07 ± 0.05, 1.1 ≤ q2 ≤ 6.0GeV2 ,
(3)
deviate from the SM predictions RSMK∗ = 0.906±0.028 and
RSMK∗ = 1.00 ± 0.01 by 2.3σ and 2.5σ respectively. Belle
has also presented [4] their results of RK and RK∗ which
are closer to the SM predictions but has large uncertain-
ties.
Independently of the results in the b → s`` transitions,
hints of LFU violation has also been found in the charged
current transition b → c`ν. The observables in which
deviations from the SM predictions has been observed
∗ diganta99@gmail.com
are RD and RD∗
RD(∗) =
B(B → D(∗)τν)
B(B → D(∗)`ν) , ` = e, µ. (4)
RD∗ has been measured by Belle [5–7] LHCb [8] and
BaBar [9]. The new measurement by Belle [10] using
semi-leptonic tagging gives
RD = 0.307± 0.37± 0.016 , (5)
RD∗ = 0.283± 0.018± 0.14 . (6)
HFLAV has combined the most recent results and their
averages [11] exceed the SM predictions RSMD = 0.299 ±
0.003 [12] and RSMD∗ = 0.258±0.005 [13] by 2.3σ and 3.4σ
respectively.
A number of NP models with new particle content
has been constructed that can explain these deviations.
Shortly after the first hint of LFU violation were an-
nounced [14] it was shown in Ref. [15] that LFU violation
implies lepton flavor violating (LFV) interactions. De-
spite several counter examples to this observation [16, 17],
most models that generate LFU violation also generate
LFV processes which are strictly forbidden in the SM.
Therefore, an observation of LFV decay will be a smok-
ing gun signal of NP. Some of the LFV processes that have
been extensively looked for are leptonic decays τ → 3µ,
µ → 3e etc and ` = `′M where M is a meson, radiative
decays µ → eγ etc, and µ → e conversion. Interestingly,
in the Higgs sector h→ µτ was studied and an apparent
excess was also reported by CMS [18] which disappeared
in subsequent measurements.
In this paper we discuss LFV baryonic decay Λb → Λ`+1 `−2
which proceeds through a b→ s`+1 `−2 transition where `+1
and `−2 are charged leptons of different flavors. Though
its SM counterpart Λb → Λ`` has been measured by the
LHCb [19][20], to the best of our knowledge currently
there are no experimental data on Λb → Λ`+1 `−2 . Un-
like Λb → Λ``, the advantage with Λb → Λ`+1 `−2 decay
is that it does not suffer from long-distance QCD and
charmonium resonance backgrounds. The Λb → Λ`+1 `−2
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2decay was earlier discussed in [21] in the context of
scalar leptoquark model where only vector and axial-
vector type effective operators were considered. In this
paper we include in addition scalar and pseudo-scalar
operators and present a double differential distribution.
From this distribution we study differential branching ra-
tio and forward-backward asymmetry. These observables
are studied in vector leptoquark model U1 ≡ (3,1)2/3.
We use several low energy observables to constrain the
model parameters.
The paper is organized as follows. We begin by describ-
ing in Sec. II the effective Hamiltonian for a b → s`+1 `−2
transition. The differential decay distribution of the ex-
clusive Λb → Λ`+1 `−2 is calculated in Sec. III followed by
the numerical analysis in Sec. IV. We summarize our dis-
cussions in Sec. V.
II. EFFECTIVE HAMILTONIAN
We start with the following effective Hamiltonian for lep-
ton flavor violating b→ s`+1 `−2 transition
Heff = − 1
2v2
VtbV
∗
ts
αe
4pi
∑
i
(
CiOi + C′iO′i
)
, (7)
where v2 = 1/(
√
2GF ) ≈ 246 GeV is the SM vacuum ex-
pectation value, and i = V,A, S, P correspond to vector,
axial-vector, scalar, and pseudo-scalar operators, which
read
O(′)V =
[
s¯γµPL(R)b
][
`2γµ`1
]
,
O(′)A =
[
s¯γµPL(R)b
][
`2γµγ5`1
]
,
O(′)S =
[
s¯PR(L)b
][
`2`1
]
, O(′)P =
[
s¯PR(L)b
][
`2γ5`1
]
.
(8)
Here αe is the fine structure constant, VtbV
∗
ts are the
Cabibbo-Kobayashi-Maskawa matrix elements, PL,R =
(1∓ γ5)/2 are the chiral projectors. The C(′)V,A,S,P are the
short-distance Wilson coefficients that vanish in the SM
but can be non-zero in many beyond the SM scenarios.
In the SM `1, `2 are leptons of same flavor, say `, and it
is customary to denote the operators OV,A as O9,10 with
corresponding Wilson coefficients C9,10. Additionally, in
the SM there is also a dipole operator O7 that contributes
to the b → s`` transition. The long-distance part of the
decay is encoded in the Λb → Λ transition matrix ele-
ments (see [22] for definitions) which are parametrized in
terms of six q2 dependent form factors fVt,0,⊥, f
A
t,0,⊥ [23].
For our numerical analysis the form factors are taken from
calculations in lattice QCD [24].
III. EXCLUSIVE Λb → Λ`+1 `−2 DECAY
To set up the kinematics of the decay we assume that the
Λb is at rest while the Λ and the dilepton pair travel along
the +z and −z-axis respectively. We assign p, k, q1 and
q2 as the momenta of the Λb,Λ, `1, and `2, and sp, sk are
the spins of Λb,Λ on to the z−axis in their respective rest
frames. We also introduce two kinematic variables; qµ =
qµ1 +q
µ
2 is the four-momentum of the dielpton pair, and θ`
is the angle that the lepton `1 makes with respect to the
z-axis in the dilepton rest frame. The decay amplitudes
can be written as
Mλ2,λ1(sp, sk) = −VtbV
∗
ts
2v2
αe
4pi
∑
i=L,R
[∑
λ
ηλH
i,sp,sk
VA,λ L
λ2,λ1
i,λ
+H
i,sp,sk
SP L
λ2,λ1
i
]
. (9)
Here H
i,sp,sk
VA,λ and H
i,sp,sk
SP are the hadronic helicity
amplitudes corresponding to vector and axial-vector
(VA), and scalar and pseudo-scalar (SP) operators, and
Lλ2,λ1i,λ , L
λ2,λ1
i are the leptonic helicity amplitudes. Here
i = L,R correspond to the chiralities of the lepton current
and λ = t,±1, 0 are the helicity states of the virtual gauge
boson that decay into the dilepton pair. The λ1,2 are the
helicities of the leptons and ηt = 1, η±1,0 = −1. The
definitions and the expressions of of H
i,sp,sk
VA,λ and H
i,sp,sk
SP
in terms of Wilson coefficients and form factors can be
found in [25]. In literature, instead of the hadronic he-
licity amplitudes, transversity amplitudes Ai⊥(‖)1 , A
i
⊥(‖)0
and AS⊥(‖), AP⊥(‖) are often used. Following [22] the ex-
pressions of the transversity amplitudes are collected in
Appendix A.
The Lλ2,λ1i,λ and L
λ2,λ1
i amplitudes are defined as
Lλ2,λ1L(R) = 〈¯`2(λ2)`1(λ1)|¯`2(1∓ γ5)`1|0〉 ,
Lλ2,λ1L(R),λ = ¯
µ(λ)〈¯`2(λ2)`1(λ1)|¯`2γµ(1∓ γ5)`1|0〉 ,
(10)
where µ is the polarization vector of the virtual gauge
boson that decays in to the dilepton pair. The details
of the calculations of Lλ2,λ1i,λ and L
λ2,λ1
i are given in Ap-
pendix B. Based on these calculations we obtain the dif-
ferential branching ratio of Λb → Λ`1`2 as
dB
dq2d cos θ`
=
3
2
(
K1ss sin
2 θ`+K1cc cos
2 θ`+K1c cos θ`
)
.
(11)
Each of the angular coefficients K1ss,1cc,1c can be written
in the following way
K1ss,1cc = K
VA
1ss,1cc +K
SP
1ss,1cc +K
int
1ss,1cc , (12)
3where KVA1ss,1cc,1c,K
SP
1ss,1cc,1c are contributions from VA
and SP operators, and K int1ss,1cc,1c includes their interfer-
ence terms. In terms of the transversity amplitudes the
expressions of KVA1ss,1cc,1c,K
SP
1ss,1cc,1c read
KVA1ss =
1
4
(
2|AR‖0 |2 + |AR‖1 |2 + 2|AR⊥0 |2 + |AR⊥1 |2+
{R↔ L}
)
− m
2
+ +m
2
−
4q2
[(
|AR‖0 |2 + |AR⊥0 |2 + {R↔ L}
)
−
(
|A⊥t|2 + {⊥↔ ‖}
)]
+
m2+ −m2−
4q2
[
2Re
(
AR⊥0A
∗L
⊥0
+AR⊥1A
∗L
⊥1 + {⊥↔ ‖}
)]
− m
2
+m
2
−
4q4
[(
|AR‖1 |2 + |AR⊥1 |2
+ {R↔ L}
)
+ 2|A‖t|2 + 2|A⊥t|2
]
, (13)
KVA1cc =
1
2
(
|AR‖1 |2 + |AR⊥1 |2 + {R↔ L}
)
+
m2+ +m
2
−
4q2
×
[(
|AR‖0 |2 − |AR‖1 |2 + |AR⊥0 |2 − |AR⊥1 |2 + {R↔ L}
)
+
(
|A⊥t|2 + |A‖t|2
)]
+
m2+ −m2−
4q2
[
2Re
(
AR⊥0A
∗L
⊥0
+AR⊥1A
∗L
⊥1 + {⊥↔ ‖}
)]
− m
2
+m
2
−
2q4
[(
|AR‖0 |2 + |AR⊥0 |2
+ {R↔ L}
)
+ |A‖t|2 + |A⊥t|2
]
, (14)
KVA1c = −β`β′`
(
AR⊥1A
∗R
‖1 − {R↔ L}
)
+ β`β
′
`
m+m−
q2
Re
(
AL‖0A
∗
‖t +A
L
⊥0A
∗
⊥t
)
, (15)
KSP1ss =
1
4
(
|AS⊥|2 + |AP⊥|2 + {⊥↔ ‖}
)
− m
2
+
4q2
(|AS‖|2 + |AS⊥|2)− m2−
4q2
(|AP‖|2 + |AP⊥|2) ,
(16)
KSP1cc =
1
4
(
|AP⊥|2 + |AS⊥|2 + {⊥↔ ‖}
)
− m
2
+
4q2
(|AS‖|2 + |AS⊥|2)− m2−
4q2
(|AP‖|2 + |AP⊥|2) ,
(17)
KSP1c = 0 . (18)
The interference terms read as
K int1ss =
m+
2
√
q2
Re
(
A‖tA∗P‖ +A⊥tA
∗
P⊥
)
+
m−
2
√
q2
Re
(
A‖tA∗S‖ +A⊥tA
∗
S⊥
)
− m
2
+m−
2q2
√
q2
Re
(
A‖tA∗S‖+
A⊥tA∗S⊥
)
− m+m
2
−
2q2
√
q2
Re
(
A‖tA∗P‖ +A⊥tA
∗
P⊥
)
, (19)
K int1cc =
m+
2
√
q2
Re
(
A‖tA∗P‖ +A⊥tA
∗
P⊥
)
+
m−
2
√
q2
Re
(
A‖tA∗S‖
+A⊥tA∗S⊥
)
− m
2
+m−
2q2
√
q2
Re
(
A‖tA∗S‖ +A⊥tA
∗
S⊥
)
− m+m
2
−
2q2
√
q2
Re
(
A‖tA∗P‖ +A⊥tA
∗
P⊥
)
, (20)
K int1c =
β`β
′
`
2
√
q2
Re
(
AS‖AL∗‖0 +AS⊥A
L∗
⊥0 +AS‖A
R∗
‖0 +AS⊥A
R∗
⊥0
)
+
β`β
′
`
2
√
q2
Re
(
AP‖AL∗‖0 +AP⊥A
L∗
⊥0 −AP‖AR∗‖0 −AP⊥AR∗⊥0
)
(21)
We have defined m± = m1 ± m2 where m1,m2 are the
masses of `1, `2, respectively, and the factors β
(′)
` are de-
fined in Appendix A. From the differential decay distribu-
tion we define two observables [22]; differential branching
ratio
dB
dq2
= 2K1ss +K1cc , (22)
and forward backward assymmetry
A`FB =
3
2
K1c
K1ss +K1cc
. (23)
The available phase space in the dilepton invariant mass
squared q2 is
(m1 +m2)
2 ≤ q2 ≤ (mΛb −mΛ)2 . (24)
IV. NUMERICAL ANALYSIS
Among many leptoquark models proposed to explain fla-
vor anomalies, the vector leptoquark U1 ≡ (3,1)2/3 has
emerged as an excellent candidate that can simultane-
ously alleviate the tensions between theory and experi-
ments in both the charged and neutral current sectors. In
fact, U1 can accommodate a large number of low energy
data and high-pT searches without too much fine-tuning
of the model parameters [26]. Early works to reconcile
these anomalies by coupling the U1 with the third gener-
ation quarks and leptons can be found in Refs. [17, 27].
The UV completion of this model has also recently been
discussed in Refs. [28]. The SM gauge symmetry allows
couplings of the U1 leptoquark to both left- and right-
handed fermions and the Lagrangian reads
L ⊃ U
µ
1√
2
[
βijL (Q¯
i
LγµL
j
L) + β
ij
R (d¯
i
Rγµ`
j
R)
]
. (25)
4Here QiL = (V
∗
jiu
j
L d
i
L)
T and LiL = (ν
i
L `
i
L)
T are SU(2)L
doublets, and βL,R are 3×3 Yukawa matrices. To address
the flavor anomalies we assume the following flavor ansatz
βL =

0 0 0
0 βsµL β
sτ
L
0 βbµL β
bτ
L
 , βR =

0 0 0
0 0 0
0 0 βbτR
 . (26)
With the couplings to the first generation set to zero the
experimental limits on atomic parity violation, µ−e con-
version on nuclei, and B(K → piν¯ν) are evaded. An im-
portant feature of the vector leptoquark model is the ab-
sence of tree level b→ sνν¯ transition evading the current
experimental constraints coming from B → K∗νν¯ [29].
There is also a “flavor protection” mechanism in the U1
loops due to which purely leptonic processes τ → 3µ,
τ → µνν¯ and b → sνν¯ have little phenomenological sig-
nificance [26, 30, 31]. These processes aside, we consider
a number of low energy flavor observables to constrain
the flavor structure 26.
The Lagrangian (25) generates the following VA and SP
operators for b→ s`+1 `−2
C`1`2V = −C`1`2A = −
piv2
2VtbV ∗tsαem2LQ
βs`2L (β
b`1
L )
∗ , (27)
C′`1`2V = C′`1`2A = −
piv2
2VtbV ∗tsαem2LQ
βs`2R (β
b`1
R )
∗ , (28)
C`1`2S = −C`1`2P =
piv2
VtbV ∗tsαem2LQ
βs`2L (β
b`1
R )
∗ , (29)
C′`1`2S = C′`1`2P =
piv2
VtbV ∗tsαem2LQ
βs`2R (β
b`1
L )
∗ . (30)
For the given flavor ansatz (26) RK(∗) receive follow-
ing modifications [32] through the NP Wilson coefficients
CµµV,A
R
[1,6]GeV2
K ≈ 1 + 0.46CµµV , (31)
R
[1.1,6]GeV2
K∗ ≈ 1 + 0.47CµµV . (32)
The global fits to the most recent b → sµµ data has
been performed by several groups and we take the range
−0.59 ≤ CµµV = −CµµA ≤ −0.40 [33] [34] in our analy-
sis. For a large βsτL there are additional flavor-universal
contribution to the → s`` in the direction of CµµV due to
off-shell photon penguins [31]
∆CV ≈ − v
2
6m2LQVtbV
∗
ts
βsτL (β
sτ
L )
∗ log
(
m2b
m2LQ
)
. (33)
Experiments yield ∆CV = −0.73± 0.23 [33] [34].
While the contributions of U1 leptoquark to b → sµµ
processes are through vector and axial-vector operators
only, in the presence of a right-handed coupling βbτR scalar
and pseudo-scalar currents can contribute to b → sττ
processes Bs → τ+τ− and B → Kτ+τ−. The Bs → ττ
branching ratio reads
B(Bs → τ+τ−) = B(Bs → τ+τ−)SM
×
∣∣∣∣1 + piv22VtbV ∗tsαm2LQ β
sτ
L
CSM10
(
βbτL −
m2Bs
mτ (ms +mb)
(βbτR )
∗
)∣∣∣∣2
+
(
1− 4m
2
τ
m2Bs
)∣∣∣∣ piv22VtbV ∗tsαm2LQCSM10 η
2
Sm
2
Bs
βsτL (β
bτ
R )
∗
mτ (ms +mb)
∣∣∣∣2 .
(34)
The present experimental upper limit is B(Bs →
τ+τ−) < (0.0± 0.34)× 10−3 [35] and the SM prediction
read B(Bs → τ+τ−) < (7.73± 0.49)× 10−7 [36].
The leptoquark also contributes to LFV observables
B(B+ → K+τ±µ∓) and B(τ → µφ). Following the sim-
plified expressions given in [37] we get
B(B+ → K+τ+µ−) ≈ v
4
m4LQ
(
0.50
∣∣βsµL (βbτL )∗∣∣2
+ 2.83
∣∣βsµL (βbτR )∗∣∣2 − 1.39Re[βbτL (βbτR )∗]|βsµL |2) , (35)
B(B+ → K+τ−µ+) ≈ v
4
m4LQ
0.50
∣∣βbµL (βsτL )∗∣∣2 . (36)
The experimental upper limit is B(B+ → K+τ+µ−) ≤
(0.0± 1.7)× 10−5 [38]. For the τ → µφ decay, following
[39] we get after neglecting the mass of the muon
B(τ → µφ) = f
2
φm
3
τ
32piΓτ
· 1
16m4LQ
(
1− m
2
φ
m2τ
)2(
1 + 2
m2φ
m2τ
)
× ∣∣βsτL (βsµL )∗∣∣2 . (37)
The experimental upper limit from Belle [40] is B(τ →
µφ) ≤ (0.0± 5.1)× 10−8.
Charged current transition b → c`ν also receives contri-
butions from the vector leptoquark. Here the flavor of
the final state neutrino in general can be of different fla-
vors than the accompanying lepton. The most general
effective Hamiltonian for this transition is
Hb→c`ν¯eff =
2Vcb
v2
((
1 + C`V1
)OV1 + C`V2OV2
+ C`S1OS1 + C`S2OS2 + C`TOT
)
, (38)
5where the operators are given by
OV1 = (c¯LγµbL)(¯`LγµνL) , OV1 = (c¯RγµbR)(¯`RγµνR) ,
OS1 = (c¯LbR)(¯`RνL) , OS1 = (c¯RγµbR)(¯`RγµνR) ,
(39)
OT = (c¯RσµνbL)(¯`RσµννL) .
In the SM all the Wilson coefficients C`i = 0. In the U1
leptoquark model the only non-vanishing Wilson coeffi-
cients are
C`V1 =
v2
4m2LQ
(βb`L )
∗
(
βb`L +
Vcs
Vcb
βs`L
)
, (40)
C`S1 = −
v2
2m2LQ
(βb`L )
∗
(
βb`L +
Vcs
Vcb
βs`L
)
. (41)
The set of observables that we consider in this category
are RD, RD∗ and the branching ratio B(Bc → τν). The
expressions of RD and RD∗ are [41]
RD ≈ RSMD
{
|1 + CτV1 |2 + 1.54Re
[
(1 + CτV1)(CτS1)∗
]
+ 1.09|CτS1 |2
}
, (42)
RD∗ ≈ RSMD∗
{
|1 + CτV1 |2 + 0.13Re
[
(1 + CτV1)(CτS1)∗
]
+ 0.05|CτS1 |2
}
. (43)
The HFLAV averages that use the most recent measure-
ments of these two observables are RD = 0.340 ± 0.030
and RD∗ = 0.295±0.013 [11]. The SM prediction of RSMD
and RSMD∗ are given in the Introduction section.
The Bc → τν branching ratio reads
B(Bc → τν) =
τBcmBcf
2
Bc
|Vcb|2
16piv4
m2τ
(
1− m
2
τ
m2Bc
)2∣∣∣∣1+
v2
4m2LQ
(
βbτL −
2m2Bsβ
bτ
R
mτ (mb +mc)
)∗(
βbτL +
Vcs
Vcb
βsτL
)∣∣∣∣2 ,
(44)
The most stringent constraint on Bc → τν come from
LEP data from which the Ref. [42] put the limit B(Bc →
τν) ≤ 10%. Another charged current observable in b→ u
transition that we consider is
B(B → τν) = B(B → τν)SM
∣∣∣∣1 + v24m2LQ
(
βbτL
− 2m
2
Bs
mτ (mb +mc)
βbτR
)∗(
βbτL +
Vcs
Vub
βsτL
)∣∣∣∣2 .
(45)
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FIG. 1: The parameter space (in blue) allowed by low
energy observables.
According to [43] B(B → τν) ≤ (1.09± 0.24)× 10−4 and
B(B → τν)SM = (0.812± 0.054)× 104 [44].
We now perform a χ2 analysis to find out the parameter
space allowed by the above low energy observables. The
χ2 is defined as
χ2 =
∑
i
(
(Oexpti −Othi )
∆Oexpti
)2
, (46)
where Oexpt,(th)i are the experimental (theoretical) val-
ues of the observables and ∆Oexpti are the experimen-
tal errors. We minimize the χ2 and chose a 2σ region
about χ2min. In this analysis we set mass of the leptoquark
m2LQ = 1.5 TeV. In fig. 1 the obtained parameter space is
shown. For this parameter space, the q2 distribution of
the differential branching ratio and lepton side forward-
backward asymmetry is shown in 2 for a set of benchmark
values of the couplings. The plots are obtained for the
central values of form factors and other inputs. Due to
our choice of the flavor structure (26) the Λb → µ+τ−
receives contributions from VA type operators only while
the Λb → τ+µ− mode receives contributions from both
VA and SP operators. Since in our model CV = −CA,
in the Λb → Λµ+τ− mode the A`FB is independent of
the couplings βL and the forward-backward asymmetry
is entirely determined by the form factors and kinematic
variables. Interestingly, the Λb → Λτ+µ− mode has a
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FIG. 2: The q2 distribution of the differential branching
ratio and the lepton-side forward-backward asymmetry
is shown for a set of benchmark values of the U1
leptoquark model parameters that is allowed by the low
energy observables. The blue and the orange lines
correspond to Λb → Λτ+µ− and Λb → Λµ+τ− modes
respectively.
A`FB zero-crossing which is absent in the Λb → Λµ+τ−
mode. For the obtained parameter space we also calculate
the maximum and the minimum values of the branching
ratio and A`FB integrated over the entire q
2 phase space
〈B(Λb → Λτ+µ−)〉 = [2.57× 10−10, 9.27× 10−6] , (47)
〈B(Λb → Λµ+τ−)〉 = [3.49× 10−9, 1.27× 10−4] , (48)
〈A`FB(Λb → Λτ+µ−)〉 = [−0.2205,−0.002] , (49)
〈A`FB(Λb → Λµ+τ−)〉 = −0.4040 . (50)
The range of branching ratio obtained can be accessed in
the LHCb.
V. SUMMARY
Lepton flavor violating decays are strictly forbidden in
the Standard Model and therefore any its observation
is a smoking gun signal of physics beyond the Standard
Model. In recent years a number of lepton flavor univer-
sality violating decays has been observed albeit low sta-
tistical significance. Many physics beyond the Standard
Models that has been constructed to explain the origin of
flavor universality violating couplings can also give rise to
flavor violating decays. Motivated by these results, in this
paper we have explored lepton flavor violating b→ s`+1 `−2
transition in Λb → Λ`+1 `−2 decay. In this paper we have
presented a double differential distribution of the decay
in terms of dilepton invariant mass squared q2 and lepton
angle θ`. From this distribution we have obtained differ-
ential branching ratio and lepton side forward-backward
asymmetry. We have studied these two observables in the
vector leptoquark model U1 ≡ (3,1)2/3. The parameter
space of the model has been constrained by low energy
observables. Our predicted range of the branching ratio
in the vector leptoquark model can be accessible by the
LHCb.
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Appendix A: Transversity amplitudes
Corresponding to the effective Hamiltonian (7) the ex-
pressions of transversity amplitudes read [22]
A
L,(R)
⊥1 = −
√
2N
(
fV⊥
√
2s−CL,(R)VA+
)
, (A1)
A
L,(R)
‖1 =
√
2N
(
fA⊥
√
2s+CL,(R)VA−
)
, (A2)
A
L,(R)
⊥0 =
√
2N
(
fV0 (mΛb +mΛ)
√
s−
q2
CL,(R)VA+
)
, (A3)
A
L,(R)
‖0 = −
√
2N
(
fA0 (mΛb −mΛ)
√
s+
q2
CL,(R)VA−
)
, (A4)
A⊥t = −2
√
2NfVt (mΛb −mΛ)
√
s+
q2
(CA + C′A) ,(A5)
A‖t = 2
√
2NfAt (mΛb +mΛ)
√
s−
q2
(CA − C′A) . (A6)
Here the normalization constant N(q2) is given by
N(q2) =
VtbV
∗
tsαe√
2v2
√√√√
τΛb
q2
√
λ(m2Λb ,m
2
Λ, q
2)
215m3Λbpi
5
β`β′` ,
7β` =
√
1− (m1 +m2)
2
q2
, β′` =
√
1− (m1 −m2)
2
q2
,
(A7)
where λ(a, b, c) = a2 + b2 + c2 − 2(ab + bc + ca) and the
Wilson coefficients are
CL(R)VA,+ = (CV ∓ CA) + (C′V ∓ C′A) , (A8)
CL(R)VA,− = (CV ∓ CA)− (C′V ∓ C′A) . (A9)
The transversity amplitudes corresponding to the SP op-
erators are [22]
AS⊥ = 2
√
2NfVt
mΛb −mΛ
mb
√
s+(CS + C′S) , (A10)
AS‖ = −2
√
2NfAt
mΛb +mΛ
mb
√
s−(CS − C′S) , (A11)
AP⊥ = −2
√
2NfVt
mΛb −mΛ
mb
√
s+(CP + C′P ) ,(A12)
AP‖ = 2
√
2NfAt
mΛb +mΛ
mb
√
s−(CP − C′P ) . (A13)
Appendix B: Spinors in dilepton rest frame
We assume that the lepton `−2 is negatively charged and
has four-momentum is qµ2 = (E1, ~q), while `
+
1 is positively
charged and has four-momentum qµ1 = (E1,−~q)
qµ1
∣∣∣
2`
= (E2,−|q2`| sin θ`, 0,−|q2`| cos θ`) , (B1)
qµ2
∣∣∣
2`
= (E1, |q2`| sin θ`, 0, |q2`| cos θ`) , (B2)
with
|q2`| = λ
1/2(q2,m21,m
2
2)
2
√
q2
, E1 =
q2 +m21 −m22
2
√
q2
,
E2 =
q2 +m22 −m21
2
√
q2
. (B3)
The explicit expressions of the lepton helicity amplitudes
require us to calculate
u¯`2(1∓ γ5)v`1 , ¯µ(λ)u¯`2γµ(1∓ γ5)v`1 . (B4)
Following [45] the explicit expressions of the spinor for
the lepton `−2 is
u`2(λ) =
 √E` +m`χuλ
2λ
√
E` −m`χuλ
 , χu+ 12 =
cos θ`2
sin θ`2

χu− 12 =
− sin θ`2
cos θ`2
 . (B5)
For the lepton `+1 which is moving in the opposite direc-
tion to `2, the two component spinor χ
v looks like
χv−λ = ξλχ
u
λ , ξλ = 2λe
−2iλφ . (B6)
Hence we have
v`1(λ) =
 √E` −m`χv−λ
−2λ√E` +m`χv−λ
 , χv+ 12 =
 sin θ`2
− cos θ`2

χv− 12 =
cos θ`2
sin θ`2
 . (B7)
With these choices of lepton spinors we get the following
expressions of the lepton helicity amplitudes Lλ2,λ1L(R) and
Lλ2,λ1L(R),λ
L
+ 12+
1
2
L =
√
q2(β′` + β`) , L
+ 12− 12
L = 0 , L
− 12+ 12
L = 0
L
− 12− 12
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√
q2(β′` − β`) , (B8)
L
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1
2
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√
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1
2− 12
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− 12+ 12
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− 12− 12
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L
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1
2
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]
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